Chemical context
During the last two decades, renewed attention to zinc metalloporphyrins has been noted for their applications in different fields e.g. solar energy harvesting and artificial photosynthesis (Aratani et al., 2009; Panda et al., 2012) and as building blocks of assemblies (Diskin-Posner et al., 2002) . Many structures of five-coordinate zinc porphyrins of the type [Zn(Porph)(L)] (Porph = is a porphyrinato ligand and L is a neutral unidentate ligand N-bonded to the zinc cation) are known in the literature. However, only three structures of zinc-4-NCpy non-porphyrinic species [CSD refcodes CYPYZN (Steffen & Palenik, 1977) ; LIMWUZ (Clegg et al., 1995) and QIDXAD (Huang et al., 2007; CCD Version 5.35 (Groom & Allen, 2014) ] and one structure of a zinc-4-NCpyporphyrin derivative are reported in the literature (CSD refcode IRAFIR; Brahma et al., 2011) . To gain more insight into the structural and spectroscopic properties of Zn II -Ndonor monodentate neutral ligand metalloporphyrins in general and Zn II -cyanopyridine porphyrin derivatives in particular, we report herein the synthesis, the molecular structure and the spectroscopic data of the title compound with the formula [Zn(TPBP)(4-CNpy)]Á(4-CNpy) (I). ISSN 2056-9890 
Structural commentary
The central Zn II cation of the [Zn(TPBP)(4-CNpy)] complex has a distorted square-pyramidal coordination geometry (Fig. 1) . The equatorial plane is formed by four nitrogen atoms of the porphyrin whereas the apical position is occupied by the 4-cyanopyridine ligand. The asymmetric unit of (I) consists of the [Zn(TPBP)(4-CNpy)] complex and one 4-cyanopyridine molecule. The Zn __ N(4-CNpy) bond length [2.159 (2) Å ] is in the range (2.055-2.248 Å ) of those of the zinc-4-CNpy complexes reported in the literature [CSD refcodes LIMWUZ (Clegg et al. 1995) and QIDXAD (Huang et al., 2007) ]. The average equatorial zinc-N(pyrrole) distance (Zn-Np) is 2.060 (6) Å which is close to those in related zinc metalloporphyrins of type [Zn(Porph)(L)] (Porph and L are a porphyrinato and a monodentate neutral ligand, respectively) [CSD refcodes ATUSOX (Vinodu & Goldberg, 2004) and GEPBAF (Lipstman et al., 2006) ]. A formal diagram of the porphyrinato cores of (I) showing the displacements of each atom from the mean plane of the 24-atom porphyrin macrocycle in units of 0.01 Å is illustrated in Fig. 2 . The zinc atom is displaced by 0.319 (1) Å from the 24-atom porphyrin mean plane (P C ). This value is close to those of the related fivecoordinated zinc metalloporphyrins [Zn(TPP)(DMSO)] (DMSO = dimethyl sulfoxide, Zn-P C = 0.338 Å ; Vinodu & Goldberg, 2004) and [Zn(TPP)(DMAC)] (DMAC = N,N-dimethylacetamide, Zn-P C = 0.377 Å ; Lipstman et al., 2006) . The porphyrin core presents a major saddle and a moderate ruffling and doming distortion (Scheidt & Lee, 1987) .
The saddle deformation is due to the displacement of the pyrrole rings alternately above and below the mean porphyrin macrocycle so that the pyrrole nitrogen atoms are out of the mean plane. The ruffling distortion is indicated by the high values of the displacement of the meso-carbon atoms above and below the porphyrin mean plane while the doming deformation is originated by the displacement of the metal atom out of the mean plane, and the nitrogen atoms are displaced toward the axial ligand. Generally, for hemoproteins and metalloporphyrins, the plane of the axial ligand (i.e., imidazole, pyridine) nearly bisects the 'cis' Np-Fe-Np angle, which is also the case for the title zinc-4-CNpy derivative (I) where the dihedral angle between the plane of the 4-CNpy ligand and the N4-Zn-N5 plane is 36.33 (12) (Fig. 2 ). An ORTEP view of the molecular structure of the title compound with the atom-numbering scheme. Displacement ellipsoids are drawn at the 40% probability level. H atoms have been omitted for clarity.
Supramolecular features

Figure 2
Formal diagram of the porphyrinate core illustrating the displacements of each atom from the 24-atoms core plane in units of 0.01 Å . carbon atoms C2, C25 and C70 of the nearby [Zn(TPBP)(4-CNpy)] complexes with C-HÁ Á ÁN6 distances of 3.284 (4), 3.393 (4) and 3.246 (6) Å , respectively. The oxygen atom O2 of the carbonyl group of one arm of one TPBP porphyrinato ligand interacts with the carbon atom C25 of a phenyl ring of an adjacent porphyrin [C25Á Á ÁO2 = 3.524 (4) Å ] and the carbon atom C76 of the closest [Zn(TPBP)(4-CNpy)] complex [C76Á Á ÁO2 = 3.174 (4) Å ]. The oxygen atom O4 of a carbonyl group of a second arm of the TPBP porphyrinato ligand is weakly linked to the carbon atom C68 of a phenyl ring of an adjacent TPBP porphyrinato ligand [C68-HC8Á Á ÁO4 distance = 3.150 (4) Å ]. These [Zn(TPBP)(4-CNpy)] complexes are also linked by weak C-HÁ Á ÁCg intramolecular interactions involving the carbon atoms C22 and C65 of a phenyl rings of two TPBP porphyrinato ligands and the centroids Cg13 and Cg3 of the pyrrole rings of two adjacent porphyrins. The values of these C-HÁ Á ÁCg interactions are 3.650 (3) Å and 3.457 (4) Å , respectively.
It is noteworthy that the non-coordinating 4-CNpy molecules are located in the channels between the [Zn(TPBP)(4-CNpy)] complexes parallel to the c axis ( Fig. 4 ). Each free disordered 4-cyanopyridine molecule is linked to three adjacent [Zn(TPBP)(4-CNpy)] complexes via (i) atom C82A of the free 4-NCpy molecule and atom O8 of a TPBP porphyrin [C82A-H82AÁ Á ÁO8 distance = 3.226 (5) Table 1 Hydrogen-bond geometry (Å , ).
Cg3, Cg13, Cg18 are the centroids of the N3/C11-C14, C41-C46 and N8A-C82A-C81A-C80A-C84A-C83A rings, respectively. Symmetry codes: (i) x þ 1; y; z; (ii) Àx; Ày þ 1; Àz þ 1; (iii) x À 1; y; z þ 1; (iv) Àx þ 1; Ày þ 1; Àz þ 2; (v) Àx þ 1; Ày; Àz þ 1; (vi) x À 1; y À 1; z; (vii) Àx; Ày; Àz þ 2. Table 2 interactions (Å , ).
CgÁ Á ÁCg = distance between ring centroids, = dihedral angle between planes I and J, CgI_Perp = perpendicular distance of Cg(I) on ring J, CgJ_Perp = perpendicular distance of Cg(J) on ring I. Cg(11) and Cg(19) are the centroids of C28-C33 and N8B-C82B-C81B-C80B-C84B-C83B rings, respectively. (Cg18) of the C80A-C81A-C82A-N8A-C83A-C84A ring of the disordered free 4-CNpy molecule and the carbon atom C49 of an adjacent TPBR porphyrinato ligand with a C49-H49Á Á ÁCg18 contact length of 3.448 (4) Å , (iii) by aromaticinteractions between the centroid (Cg19) of the C80A-C81B-C82B-N8B-C83B-C84B ring of a free disordered 4-CNpy molecule and the centroid (Cg11) of the phenyl porphyrin ring C28-C33 [Cg19Á Á ÁCg11 = 3.668 (4) Å ; Table 2 ). On the other hand, the C82A carbon atom of one disordered 4-cyanopyridine molecule is also weakly linked to the nitrogen atom N8A of a second 4-CNpy free molecule [C82A-H82AÁ Á ÁN8A distance = 2.934 (8) Å ] and the N8B nitrogen atom of this second 4-CNpy molecule is weakly bonded to the carbon atom C72 of a phenyl ring of a nearby TPBR porphyrinato ligand [C72 __ H72Á Á ÁN8B distance = 3.226 (15) Å ] ( Fig. 5 ).
Synthesis and crystallization
4-Formylphenylester was prepared from benzoic acid and 4-hydroxybenzaldehyde. 5,10,15,20-tetraphenylbenzoateporphyrin (H 2 TPBP) and the starting [Zn(TPBP)] complex were synthesized using modified reported methods (Adler et al., 1967; Oberda et al., 2011) . The title complex (I) was made by reaction of the [Zn(TPBP)] complex with an excess of 4-cyanopyridine in dichloromethane at room temperature.
Synthesis of 4-formylphenylbenzoate
Benzoic acid (6 g, 0.049 mol), 4-hydroxybenzaldehyde (6 g, 0,049 mol) and dimethylaminopyridin DMAP (0.6 g, 0.0049) were dissolved at 273 K in 20 mL of dichloromethane. To this solution, 10.12 g of N,N 0 -dicyclohexylcarbodiimide DCC (0.049 mol) dissolved in 33 mL of dichloromethane was added dropwise and stirred at 273 K and then at room temperature for 12 h. Upon completion, the reaction mixture was filtered and the solvent was evaporated to dryness, to afford 9. 09, 164.12, 155.21, 134.31, 134, 131.13, 129.91, 129.03, 128.47, 122.90. 3.3. Synthesis of 5,10,15,20-(tetraphenylbenzoate)porphyrin 4.5 mg of 4-formylphenylbenzoate (19.9 mmol) were dissolved in 50 mL of propionic acid. The solution was heated under reflex at 413 K. Freshly distilled pyrrole (1.4 mL, 19.9 mmol) was then added dropwise and the mixture was Drawing showing the C-HÁ Á ÁN and C-HÁ Á ÁO hydrogen bonds and the C-HÁ Á Á interactions between a disordered non-coordinating 4-cyanopyridine molecule and a neighboring [Zn(TPBP)(4-CNpy)] complex and a free 4-cyanopyridine molecule.
Figure 4
The crystal structure of the title compound plotted in projection along [001] showing the disordered non-coordinating 4-cyanopyridine molecules occupying the channels between the [Zn(TPBP)(4-CNpy)] complex molecules. H atoms have been omitted. stirred for another 40 min. The mixture was cooled overnight at 277 K and filtered under vacuum. The crude product was purified using column chromatography (chloroform/petroleum ether 4/1 v/v as an eluent). A purple solid was obtained and dried under vacuum (1.18 g, yield 21%).
Spectroscopic analysis: 1 H NMR (300 MHz, CDCl 3 ) (p.p.m.) 8.94 (S, 8H), 8.39 (d, 8H, J = 6 Hz), 8.29 (d, 8H, J = 9 Hz), 7.71 (S, 8H), 7.62 (m, 12H), À2.80 (S, 2H). UV/Vis (CHCl 3 ): max (10 À3 ", mol À1 l À1 cm À1 ) 420 (512.7), 516 (16.7), 552 (7.4), 591 (4.8), 646 (4.0). [5,10,15,20-(tetraphenylbenzoate) 
Synthesis of
porphyrinato]zinc(II)
A mixture of the H 2 TPBP porphyrin (400 mg, 0.365 mmol) and [Zn(OAc) 2 ]Á2H 2 O (700 mg, 3.650 mmol) in CHCl 3 (30 mL) and CH 3 OH (5 mL) was stirred at room temperature overnight. The solvent was evaporated and a light-purple solid of the [Zn(TPBP)] complex was obtained (350 mg, yield 87.5%).
Spectroscopic analysis: 1 H NMR (300 MHz, CDCl 3 ) (p.p.m. ) 9.04 (S, 8H), 8.40 (d, 8H, J = 9 Hz), 8.30 (m, 8H), 7.85 (S, 8H), 7.64 (m, 12H), À2.80 (S, 2H). UV/Vis (CHCl 3 ): max (10 À3 ", mol À1 l À1 cm À1 ) (10 À3 ") 425 (613.5), 554 (23.0), 596 (6.9).
Synthesis and crystallization of the title complex (I)
To a solution of [Zn(TPBP)] (100 mg, 0.086 mmol) in dichloromethane (5 mL) was added an excess of 4-cyanopyridine (200 mg, 0.192 mmol). The reaction mixture was stirred at room temperature for 2 h. Single crystals of the title complex were obtained by diffusion of hexanes through the dichloromethane solution.
Spectroscopic analysis: 1 H NMR (300 MHz, CDCl 3 ) (p.p.m. ) 9.04 (S, 8H), 8.40 (d, 8H, J = 7.5 Hz), 8.30 (d, 8H, J = 9 Hz), 7.67 (m, 20H), 7.53 (m, 2H). UV/Vis (CHCl 3 ): max (10 À3 ", mol À1 l À1 cm À1 ) 425 (613.5), 554 (23.0), 596 (6.9).
FT-IR spectroscopy
The FT-IR spectrum of [Zn(TPBP)(4-CNpy)]Á(4-CNpy) (I) ( Fig. 6 ) was recorded in the 4000-400 cm À1 domain using a Perkin-Elmer Spectrum Two FTIR spectrometer. The spectrum presents characteristic IR bands of the TPBP porphyrinato moiety. The C-H stretching frequencies of the porphyrin are in the range 3060-2860 cm À1 , the ester group of the meso-substituents of this porphyrin are identified by a strong band at 1736 cm À1 , (C O) stretch and by two strong bands at 1264 and 1061 corresponding to the (C-O) stretching vibration. The IR spectrum of (I) also shows a very weak absorption band at 2238 cm À1 attributed to the nitrile stretching frequency (C N). The value of this band is almost identical to the one of the free 4-cyanopyridine (2236 cm À1 ) which could be attributed both to the 4-CNpy ligand or the free 4-CNpy molecule in (I) because this band is usually not affected by the coordination of the 4-cyanopyridine (Singh et al., 2000) . On the other hand, the IR spectrum of the title compound exhibits several absorption bands at 1907 cm À1 (vw: very weak), 1523 cm À1 (vw), 1505 cm À1 (w: weak), 1406 cm À1 (m: medium), 996 cm À1 (s: strong), 707 cm À1 (m), 685 cm À1 (m) and 538 cm À1 (w) attributed to the pyridyl group of the coordinating and the free 4-cyanopyridine species (Singh et al., 2000) . (Sheldrick, 2015) , ORTEPIII (Burnett & Johnson, 1996) and WinGX publication routines (Farrugia, 2012) .
Figure 6
FT-IR spectrum of (I).
Refinement details
Crystal data, data collection and structure refinement details are summarized in Table 3 . Hydrogen atoms were placed in calculated positions and refined as riding atoms: C-H = 0.92 Å with U iso (H) = 1.2 U eq (C). The non-coordinating 4cyanopyridine molecule is disordered over two positions A and B with refined occupancies of 0.666 (4) and 0.334 (4), respectively. The bond lengths and angles of this molecule were restrained to ensure proper geometry using DFIX and DANG instructions of SHELXL2014 (Sheldrick, 2015) . The anisotropic displacement ellipsoids of some atoms of the disordered 4-cyanopyridine free molecule were very elongated which indicates static disorder. For these atoms, SIMU/ ISOR restraints were applied (McArdle, 1995; Sheldrick, 2008 (Agilent, 2014) ; program(s) used to solve structure: SIR2004 (Burla et al., 2005) ; program(s) used to refine structure: SHELXL2013 (Sheldrick, 2015) ; molecular graphics: ORTEPIII (Burnett & Johnson, 1996) ; software used to prepare material for publication: WinGX publication routines (Farrugia, 2012) . Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (Å 2 ) (14) 0.0242 (12) −0.0051 (11) 0.0058 (10) −0.0145 (11) C4 0.0220 (12) 0.0295 (13) 0.0208 (11) −0.0012 (10) 0.0006 (9) −0.0127 (10) C5 0.0223 (12) 0.0309 (13) 0.0203 (11) 0.0008 (10) −0.0024 (9) −0.0130 (10) C6 0.0245 (12) 0.0271 (12) 0.0220 (11) 0.0015 (10) −0.0044 (9) −0.0129 (10) C7 0.0349 (14) 0.0309 (14) 0.0280 (12) −0.0020 (11) −0.0037 (11) −0.0175 (11) C8 0.0329 (14) 0.0285 (13) 0.0296 (13) −0.0060 (11) −0.0028 (11) −0.0139 (11) C9 0.0238 (12) 0.0270 (12) 0.0228 (11) −0.0021 (10) −0.0056 (9) −0.0099 (10) C10 0.0260 (12) 0.0275 (13) 0.0222 (11) −0.0029 (10) −0.0056 (10) −0.0069 (10) C11 0.0234 (12) 0.0289 (13) 0.0200 (11) −0.0015 (10) −0.0010 (9) −0.0070 (10) (4) C84A-C83A 1.547 (9) C28-C29 1.378 (5) C84A-H84A 0.9300 C28-C33 1.379 (5) C79A-C80A 1.419 (4) C29-C30 1.387 (5) C80A-C81A 1.391 (7) C29-H29 0.9300 C81A-C82A 1.309 (7) C30-C31 1.365 (6) C81A-H81A 0.9300 C30-H30 0.9300 C82A-N8A 1.392 (4) C31-C32 1.381 (7) C82A-H82A 0.9300 C31-H31 0.9300 C83A-N8A 1.378 (4) C32-C33 1.388 (7) C83A-H83A 0.9300 C32-H32 0.9300 C79B-C80B 1.402 (5) C33-H33 0.9300 C80B-C81B 1.398 (5) Hydrogen-bond geometry (Å, º) Cg3, Cg13, Cg18 are the centroids of the N3/C11-C14, C41-C46 and N8A-C82A-C81A-C80A-C84A-C83A rings, respectively. 
